SUMMARY The presence of a circulating factor affecting gut growth can be surmised from the findings in gut isolated from the main food stream and not under direct nutritional influence. Thus when a Thiry Vella fistula is constructed and the crypt cell production rate counted in the fistula it can be shown to correlate with the degree of resection of the main bowel left in continuity. The only hormones which become raised in a similar pattern are enteroglucagon and peptide tyrosine tyrosine (PYY). Enteroglucagon has been shown to be part of preproglucagon, which contains in addition oxyntomodulin, glucagon like peptide 1 1-37 and 6-36NH2 and glucagon like peptide 2.
It is well recognised that after damage, for example by infection, the growth rate of the intestinal mucosa increases rapidly and that after small intestinal resection the residual intestine hypertrophies. The mechanism by which this adaptive growth is controlled is less clear. One possibility is that it involves, perhaps only in part, a circulating hormonal factor. Further this is most likely to come from the gut itself, perhaps downstream from the region damaged or lost.
Methods

ANIMALS
In an attempt to investigate the relative importance of local factors, such as luminal nutrition and pancreaticobiliary secretions, as opposed to putative circulating hormonal factors a series of rats were studied in which a Thiry Vella fistula was fashioned. The external fistula comprised the proximal 75 % of the small bowel, measured from the ligament of Treitz, with the remaining bowel continuity being restored by an end to end anastomosis. The fistula was thus excluded from luminal nutrition and pancreaticobiliary secretions. In a second group of fistula rats a cannula was, in addition, inserted into the superior vena cava via the internal jugular vein and exteriorised at the back of the neck. A third series of rats had merely a jejunal transection and formed the control groups. All oral food was excluded from the second group which were only fed intravenously and gained slightly more weight than the other two groups. After 12 days all the animals were killed. Gut mucosal cell proliferation was determined by the stathmokinetic method using vincristine and crypt cell microdissection to assess the crypt cell production rate.' In the control animals (transected) the crypt cell production rate (CCPR) in the terminal ileum was 16f8 + 0-9 cells per crypt per hour. In the Thiry Vella fistula group (with 75 % bypassed gut) the rate in the terminal ileum was much greater at 52 + 8. In the intravenously fed group, who had also undergone 75 % gut bypass, the rate was not significantly different from the controls, however, at 18+5. This showed, yet again, the direct or indirect importance of luminal nutrition. In the Thiry Vella fistula itself the CCPR in the intravenously fed animals was 160 + 15, not different from the normal terminal ileum in the control animals, but significantly less than the CCPR in the Thiry Vella fistula of the orally fed rats (23-8+2-8, p < 0-01).2 Thus in these experiments there is a weak effect of a circulating factor acting on the Thiry Vella fistula, which appeared to be dependent on luminal nutrition for its release from the bowel in continuity. In a further similar series of experiments a smaller Thiry Vella fistula was constructed allowing groups of rats with 25%, 50%, 75 %, and 90 % resection of the bowel in continuity. Once again the Thiry Vella fistula was found to have a lower basal crypt cell production rate (10 + 1) less than the ileum in continuity (16 + 2). The CCPR in the fistula rose, however, with increasing resection of the bowel in continuity and had doubled in the 90 % resection group to 35 + 2 (p < 0-001).3 This clearly showed the likely presence of a circulating factor affecting mucosal growth but gave no information on its possible interaction with luminal nutriments at the target site as the studied Thiry Vella fistula received no luminal stimulant. It is conceivable, but unproven, that even a small amount of luminal nutriment stimulation might have greatly enhanced the effectiveness of the putative circulating growth factor or factors on the fistula mucosa.
Discussion
In 1971 a patient with intestinal mucosal hypertrophy was studied4 who had a resectable enteroglucagon producing tumour5 after which the hypertrophy disappeared. Enteroglucagon was therefore proposed as 'growth hormone to the small intestine'.6 Subsequently enteroglucagon was found to correlate with crypt cell production rate in a number of animal models of intestinal adaptation.7 '3 In the two Thiry Vella fistula models, mentioned above, enteroglucagon concentrations rose in proportion to the Thiry Vella fistula increase in crypt cell production rate.'14' 5Although a preliminary study suggested a direct trophic effect of partially purified enteroglucagon on cultured guinea pig jejunal mucosa'6 no definitive study has yet firmly proven the trophic action of enteroglucagon. In man there is extensive correlation between a rise in enteroglucagon and circumstances where increased enterocyte turnover would be expected -for example, after gut resection, acute infective diarrhoea (Fig. 1) , jejunoileal bypass, coeliac disease, tropical malabsorption, cystic fibrosis and, in the newborn, after initiation of enteral feeding [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Recently the human pre-pro-glucagon sequence has been derived and two additional glucagon like peptides discovered (Fig. 2) . 28 The first of these (GLP1) was also found in the angler fish pre-proglucagon29 and its sequence was approximately equally conserved to that of pancreatic glucagon itself. Thus over five hundred million years the forces of evolution have retained, virtually unchanged, two peptides with similar sequence suggesting that both must be necessary for survival. Enteroglucagon was sequenced in 198130 and shown to be composed of 69 amino acids and to contain the entire sequence of pancreatic glucagon towards its C-terminal terminus. In the alpha cell of the pancreas pre-pro-glucagon undergoes post-translational enzymic processing to cleave out pancreatic glucagon, no enteroglucagon being formed. 10- Thus it seems likely that a circulating hormonal factor or factors stimulating intestinal mucosal growth does exist and that it is of pathophysiological importance. At the present time correlative studies with known gastrointestinal hormonal peptides suggest that enteroglucagon, or perhaps the newly identified glucagon like peptides, would best fit this role. Indeed it is difficult to produce circumstances in which a trophic influence on the gut is seen in which enteroglucagon (and presumably the glucagon like peptides) are not raised. Although the novel peptide, PYY, which may be coproduced by the mucosal enteroglucagon endocrine cell, also correlates well with intestinal trophic influences, it fails to stimulate growth when directly administered to rats. Although the circumstances of administration may have, in some way, been inadequate to show a trophic influence, these experiments make PYY less likely than the gut glucagons to fulfill the role of trophic hormone on present evidence. Nonetheless, until the gut glucagons can be directly tested, no firm conclusions can be reached.
